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[Document Name] SPECIFICATION 

[Title of the Invention] LEAD FRAME, SEMICONDUCTOR DEVICE PRODUCED 
BY USING THE SAME AND METHOD OF PRODUCING THE SEM I CONDCUTOR DEVICE 
[Claims] 

[Claim 1] 

A lead frame comprising a tie bar to which an element loading 
portion to be loaded with a semiconductor element is connected by a 
lead forming portion, said time bar being connected to an outside 
frame formed with positioning holes, characterized in that 

a def ormab I e port i on is i nc I uded i n sa i d t i e bar for prevent i ng 
said outside frame from deforming. 

[Claim 2] 

The lead frame as claimed in claim 1, characterized in that 
said def ormab I e portion is configured to deform during lead forming, 
which bends said lead forming portion, to thereby absorb stress acting 
on said tie bar. 

[Claim 3] 

The lead frame as claimed in claim 2, characterized in that 
said def ormab I e portion is configured to absorb a force pul I ing said 
tie bar toward said element loading portion. 

[Claim 4] 

The lead frame as claimed in any one of claims 1- 3, 
characterized in that the semiconductor device comprises a 
photocoupler. 

[Claim 5] 



A frame for forming a semiconductor device, characterized in 
that the lead frames as claimed in any of claims 1-4 are combined such 
that element loading portions to be loaded with semiconductor 
elements thereof are positioned one above the other. 

[Claim 6] 

The frame for forming a semiconductor device as claimed in 
claim 5, characterized in that the element loading portions of only 
one of the lead frames are bent relative to lead forming portions 
associated therewith. 

[Claim 7] 

The frame for forming a semiconductor device as claimed in 
claim 5 or 6, characterized in that the lead forming portions are bent 
while being crushed to be locally thinned and extended. 

[Claim 8] 

The frame for forming a semiconductor device as claimed in 
c I a i m 6, character i zed i n that sa i d def ormab I e port i on is sea I ed w i th 
resin to thereby form a reinforcing portion that prevents said 
def ormab I e portion from deforming after lead forming. 

[Claim 9] 

The frame for forming a semiconductor device as claimed in 
claim 7, character i zed in that said reinforcing portion includes said 
def ormab I e portion and a portion of said outside frame to which said 
def ormab I e portion is connected. 

[Claim 10] 

The frame for forming a semiconductor device as claimed in any 



one of claims 5-9, characterized in that said deformable portion 
prevents the positioning holes and the element loading portions from 
be i ng d i sp I aced to thereby ma i nta i n a prese I ected pos i t i ona I re I at i on 
between said positioning holes and said element loading portions. 
[Claim 11] 

A semiconductor device comprising a pair of element loading 
portions loaded with semiconductor elements and positioned one above 
the other and sea I res i n sea I i ng sa i d pa i r of e I ement I oad i ng port i ons, 
leads connected to a respective semiconductor element being exposed 
on said seal resin, characterized in that 

only one of said pair of element loading portions is bent 
upward relative to said leads. 

[Claim 12] 

The semiconductor device as claimed in claim 11, characterized 
in that the leads are positioned on an extension of a bottom of said 
seal resin. 

[Claim 13] 

The semiconductor device as claimed in claim 11 or 12, 
characterized in that said semiconductor device comprises a 
photocoupler comprising a light emitting element and a light- 
sensitive element that face each other. 

[Claim 14] 

The sem i conductor dev i ce as c I a i med i n any one of c I a i ms 1 1 -1 3, 
characterized in that the leads are implemented by lead forming 
portions included in the frame as claimed in any one of claims 5- 



10. 

[Claim 15] 

A method of producing a semiconductor device by using the frame 
as claimed in any one of claims 5-10, characterized by comprising the: 

a lead forming step of bending lead forming portions after 
primary sealing using light-transmitting resin; and 

a sealing step of sealing deformable portions included in a 
lead frame after said lead forming step. 

[Claim 16] 

The method of producing a semiconductor device as claimed in 
claim 15, characterized in that said seal ing step is executed at the 
same time as secondary sealing using I ight-i ntercept i ng resin and 
executed after said lead forming step. 

[Claim 17] 

The method of producing a semiconductor device as claimed in 
claim 15 or 16, characterized in that said lead forming step comprises 
bending the lead forming portions while crushing said lead forming 
portions to thereby locally thin and extend said lead forming 
portions. 

[Claim 18] 

The method of producing a semiconductor device as claimed in 
any one of claims 15-17, characterized in that said lead forming step 
forms a step corresponding to a thickness of a bottom of the resin 
used for the secondary sealing. 
[Detailed Description of the Invention] 



[0001] 

[Field of the Art to Which the Invention Belongs] 

The present invention relates to a lead frame, a semiconductor 
device produced by using the same and a method of producing the 
semiconductor device and more particular I y to a lead frame loaded with 
photocoupl ing elements, a semiconductor device produced by using the 
lead frame, and a method of producing the semiconductor device. 

[0002] 

[Prior Art] 

A double sealed photocoupler belongs to a family of 
semiconductor devices. The double sealed photocoupler is produced 
by a procedure including primary sealing using light-transmitting 
resin and secondary sealing using I ight- intercept ing resin. 

[0003] 

FIG. 12 is a section demonstrating a procedure for producing 
a convent i ona I doub I e sea I ed photocoup I er . (Wh i I e the photocoup I er 
is produced on a lead frame, the lead frame is not shown.) 

[0004] 

As shown, a lead frame 1a is depressed and loaded with a I ight 
emitting element 1 whi le a lead frame 2a is also depressed and loaded 
with a light-sensitive element 2. The lead frames 1a and 2a are 
pa i red i n the pos i t i on (see (a) ) . The I ead frames 1 a and 2a are then 
positioned one above the other such that the I ight emitting element 
1 and light-sensitive element 2 face each other (see FIG. (b)). 

[0005] 



Subsequently, I ight transmitting, primary seal resin 3a seals 
the I ight emitting element 1 and I ight-sensiti ve element 2 to thereby 
secure an optical path. More specifically, the primary seal resin 
3a is configured as a rhombic cube. The lead frames 1a and 2a each 
protrude from a particular apex of the rhombic cube (see (c)). 

[0006] 

Light intercepting, secondary seal resin 3b seals the primary 
sea I res i n 3a (see (d) ) . F i na 1 1 y, the I ead frames 1 a and 2a are formed 
for mounting, thereby completing a photocoupler 4 (e)). 

[0007] 

There is also known a double sealed photocoupler in which a 
lead frame for forming lead forming portions is accommodated in a 
secondary molding to thereby reduce the size of the photocoupler (see 
Japanese Patent La id-Open Publication No. 9-83013). 

[0008] 

FIG. 13 shows another conventional photocoupler. As shown, 
the photocoup I er , I abe I ed 5, i nc I udes a pr i mary mo I d i ng 3a sea I ed by 
light transmitting, primary seal resin. Subsequently, the lead 
frames 1a and 2a loaded with the light emitting element 1 and 
light-sensitive element 2, respectively, are formed. Thereafter, 
secondary seal resin seals the primary molding 3a and lead frames 1a 
and 2a in the form of a secondary molding 3b. 

[0009] 

Lead forming is effected with the photocoupler 4 after 
secondary seal i ng or effected with the photocoupler 5 after primary 



sealing, as stated above. A specific lead forming process executed 
after primary sealing will be described hereinafter. 
[0010] 

FIG. 14 demonstrates a conventional lead forming process 
appl i cable to a photocoupler. As shown, a plural ity of photocouplers 
6 each have two lead (terminal) forming portions 7a protruding from 
each of opposite ends. Each photocoupler 6 is connected to a lead 
frame 7 via the respective lead forming portions 7a. 

[0011] 

Each lead forming portion 7a is connected to a first and a 
second tie bar 7b and 7c and an inner tie bar 7d. The tie bars 7b 
through 7d extend between two para I lei, outside frames 7e (see (a)). 

[0012] 

More specif ical ly, three tie bars 7b through 7d are arranged 
in para I lei at each of opposite sides of the array of photocouplers 
6 and extend substantially perpendicularly to the lead forming 
portions 7a. The outside frames 7e each are formed with holes 8 for 
positioning the lead frame 7 (see (a)). 

[0013] 

The lead forming process begins after the primary seal ing (see 
(a)). First, the inner tie bars 7d are cut off while the first and 
second tie bars 7b and 7c are left (see (b)). Subsequently, the lead 
forming portions 7a are bent between the individual photocoupler 6 
and the first tie bars 7b (lead forming) (see (c)). 

[0014] 



Part i cu I ar I y, I ead form i ng must be effected after the pr i mary 
seal ing in order to raise the primary molding 3a, which accommodates 
the I ight emitting element 1 and I ight-sensi t i ve element 2 (see FIG. 
13). 

[0015] 

[Problems to Be Solved by the Invention] 

The lead forming process described above has the following 
problems. When the lead forming portions 7a of the photocoupl ers 6 
are bent on the lead frame 7, portions of the lead frame 7 where the 
tie bars 7b and 7c and outside frames 7e are connected irregularly 
deform (see FIG. 14, (c)). This is because the lead forming portions 
7a bent by lead forming pull the tie bars 7b and 7c inward. 

[0016] 

As a result, the positioning holes 8 formed in the frames 7e 
are displaced and prevent the lead frame 7 from being accurately 
positioned at a stage following the lead forming stage. Moreover, 
stress ascribable to lead forming remains in the individual 
photocoupler 6 and brings about package crack or similar trouble 
later. 

[0017] 

Particularly, it is necessary to bend the leads before 
secondary sealing (see FIG. 13). Stress ascribable to the bending 
of the leads causes even the lead frame 7 loaded with photocoupl ers 
to deform by 0. 2 mm or so. Such deformation disturbs the positional 
re I at i on between the photocoup I ers and the pos i t i on i ng ho I es 8. Th i s 



also obstructs accurate positioning after secondary sealing and 
therefor the production of photocouplers. 
[0018] 

More specifically, lead forming is effected after the 
positioning holes 8 have been formed in the lead frame 7. Therefore, 
when the leads are bent, stress act on the holes 8 and cause them to 
deform. As a resu 1 1, the ho I es 8 are d i sp I aced. The ho I es 8 are used 
to position the lead frame 7 before and after lead forming, and each 
has a relative positional relation with the individual photocoupler 
6. The holes 8 are positioned at substantially the same interval. 

[0019] 

It is therefore important to maintain the accurate positional 
relation or distance between the holes 8 and the individual 
photocoupler 6. A 1 1 stages on a production I ine rely on positioning 
based on the holes 8. 

[0020] 

It is an object of the present i nvention to provide a lead frame 
free from deformation during lead forming whi le reducing the size of 
a semiconductor device to be loaded thereon, a semiconductor device 
produced by using the lead frame, and a method of producing the 
semiconductor device. 

[0021] 

[Means for Solving Problems] 

I n order to ach i eve the above object, i n a I ead frame i nc I ud i ng 
a tie bar to which an element loading portion to be loaded with a 



sem i conductor e I ement i s connected by a I ead form i ng port i on, the t i me 
bar be i ng connected to an outs i de frame formed w i th pos i t i on i ng ho I es, 
the present invention is characterized in that a deformable portion 
is included in the tie bar for preventing the outside frame from 
deforming. 

[0022] 

In the above configuration, the element loading portions to 
be loaded with semiconductor elements are connected to the outside 
frames by the tie bars each having deformable portions that protect 
outside frames from deformation. The outside frames are formed with 
pos i t i on i ng ho I es. The I ead frame i s therefore free from def ormat i on 
during lead forming while promoting the miniaturization of the 
semiconductor devices. 

[0023] 

Further, a semiconductor device can be produced by using a 
method of producing the semiconductor device using the lead frame of 
the present invention. 

[0024] 

[Embodiment of the Invention] 

An embodiment of the present invention will be described 
hereinafter. 

[0025] 

FIG. 1 is an isometric view showing an embodiment of the lead 
frame in accordance with the present invention. There are shown a 
lead frame 10a assigned to the light emission side (see (a)) and a 



I ead frame 1 0b ass i gned to the I i ght rece i v i ng s i de (see (b) ) . There 
are a I so shown a frame for form i ng photocoup I ers, wh i ch are a spec i f i c 
form of semiconductor devices, (see (c)). The lead frames 10a and 
10b are respectively loaded with light emitting elements and 
light-sensitive elements, which will be described specifically 
later. 

[0026] 

The I ight emitting elements and I ight-sensiti ve elements may 
be implemented as LEDs (Light Em itting Elements) and phototransistors, 
respectively. The lead frame 10a is reversed in orientation and 
superposed on the lead frame 10b, so that the I ight emitting elements 
and light-sensitive elements face each other. 

[0027] 

The I ead frame 1 0a i nc I udes a pa i r of para 1 1 e I , outs i de frames 
11a and lib, a first and a second tie bar 12a and 12b, an inner tie 
bar 12c for reinforcement, and a plurality of (four in the 
illustrative embodiment) element loading portions 13a. 

[0028] 

The t i e bars 1 2a through 1 2c extend between the oppos i te frames 
11a and 11b. Each element loading portion 13a is connected to the 
inner tie bar 12c and second tie bar 12b by two depressed, lead 
(terminal) forming portions 14. A light-sensitive element (not 
shown) is loaded on the rear surface of each element loading portion 
13a face down and connected to preselected positions by metal wires. 

[0029] 



As shown in FIG. 1(b), the lead frame 10b includes element 
loading portions 13b connected to an inner tie bar 12c and a second 
tie bar 12b by two lead forming portions 14. A I ight emitting element 
17 is loaded on each element loading portion 13b and connected to 
prese I ected pos i t i ons by meta I w i r es a I though not shown spec i f i ca 1 1 y . 
The light emitting element 17 is coated with protection resin. 

[0030] 

The first and second tie bars 12a and 12b have substantially 
the same width that is greater than the width of the rod- 1 ike inner 
tie bar 12c. The second tie bars 12b each are connected to the frames 
11a and 11b by deformable portions 15 at opposite ends thereof. 

[0031] 

The deformable portions 15 are implemented as rods having 
substantially the same diameter as the inner tie bars 12c, and each 
easily deforms at least in the direction parallel to the frames 11a 
and 11b. For example, each deformable portion 15 has a length one 
time or more greater than a width or has a width of about 0.3 mm, in 
which case the lead frame will be about 0.2 mm thick or less. 

[0032] 

Holes 16 for positioning the lead frame 10a is formed in one 
outside frame 11a. The frames 11a and 11b are positioned at opposite 
sides of the array of element loading portions 13a. The first and 
second tie bars 12a and 12b and inner tie bar 12c are arranged in 
parallel at each of opposite sides of the element loading portions 
13a and extend substantially perpendicularly to the lead forming 



portions 14. The lead forming portions 14 each are connected to the 
associated inner tie bar 12c. 
[0033] 

The lead frame 10b is opposite in position to the lead frame 
1 0a by 1 80 degrees i n the d i rect i on of rotat i on. The e I ement I oad i ng 
port i ons 1 3b of the I ead frame 1 0b f ac i ng the e I ement I oad i ng port i ons 
13a are not depressed. The holes 16 of the lead frame 10b a I ign with 
the holes 16 of the lead frame 10a. The lead frame 10b is therefore 
identical in configuration with the lead frame 10a in that it includes 
a pair of frames outside 11a and 11b, first and second tie bars 12a 
and 12b, and inner tie bar 12c. 

[0034] 

L i ght em i tt i ng e I ements 1 7 each are I oaded on the front surface 
of a particular element loading portion 13b face up whi le facing, but 
not contacting, one of the light-sensitive elements loaded on the 
element loading portions 13a (see (b)). 

[0035] 

The frame 10c for producing semiconductor devices is prepared 
by laying the lead frame 10a over the lead frame 10b and welding or 
otherwise connecting them together (see (c)). At this instant, the 
e I ement I oad i ng port i ons 1 3a over I i e the e I ement I oad i ng port i ons 1 3b. 
The holes 16 of the lead frames 10a and 10b are exposed to the outside. 
The frames 11a and 11b are joined together. 

[0036] 

In this manner, in the frame 10c, only one of the lead frames 



( I ead frame 1 0a) has the e I ement I oad i ng port i ons 1 3a stepped r e I at i ve 
to the associated lead forming portions 14. 
[0037] 

With the frame 10c, it is possible to produce an optical MOS 
(Metal Oxide Semiconductor) or similar photocoupler that optically 
couple a I ight emitting side and a I ight-sensiti ve side. Hereinafter 
will be described a procedure for producing such a photocoupler. 

[0038] 

FIG. 2 is a section showing a method of producing a 
semiconductor device by using the lead frame of FIG. 1. FIG. 3 is 
an isometric view showing the method of producing a semiconductor 
device by using the lead frame of FIG. 1 (part 1). FIG. 4 is an 
i somet r i c v i ew show i ng the method of produc i ng a sem i conductor dev i ce 
by using the lead frame of FIG. 1 (part 2). 

[0039] 

First, as shown in FIGS. 3 through 4, the lead frame 10a having 
the element loading portions 13a loaded with the light-sensitive 
e I ements 1 8 and the I ead frame 1 0b hav i ng the e I ement I oad i ng port i ons 
13b loaded with the I ight emitting elements 17 are prepared (see FIG. 
2(a)). 

[0040] 

Subsequently, the lead frames 10a and 10b are combined such 
that the I i ght em i tt i ng e I ements 1 8 and I i ght-sens i t i ve e I ements face 
each other, but do not contact each other, thereby constituting the 
frame 10c (see FIG. 2(b)). 



[0041] 

Each light-sensitive element 18 is bonded to the respective 
element loading portion 13a by wires 19. Each I ight emitting element 
17 is precoated with, e.g., transparent si I icone resin and then bonded 
to the respective element loading portion 13b by wires 19. 

[0042] 

Subsequently, each light emitting element 17 and associated 
light-sensitive element 18 of the frame 10c are sealed by light 
transmitting, primary seal resin 20 in order to secure an optical path. 
The seal resin 20 is configured as a trapezoidal cube. The lead 
forming portions 14 protrude from the portions of opposite slants of 
the trapezoidal cube close to the bottom (see FIGS. 2(c) and 3(a)). 

[0043] 

After the primary seal ing, the inner tie bars 12c are cut off 
whi le the first and second tie bars 12a and 12b are left. As a result, 
the seal resin 20 is connected to each second tie bar 12b by two lead 
forming portions 14 whi I e each tie bar 12b is connected to the frame 
11a or 11b via the deformable portions 15. 

[0044] 

Stated another way, the seal resin 20 is connected to the 
frames 1 1 a and 1 1 b on I y by the def ormab I e port i ons 15, wh i ch are eas i I y 
def ormab I e i n the d i r ect i on para 1 1 e I to the frames 11a and 11b I ike, 
e.g., hanging pins (see FIG. 3(b)). 

[0045] 

The I ead form i ng port i ons 1 4 are bent between the pr i mar y sea I 



resin 20 and the second tie bars 12b (inner lead forming) in order 
to raise the seal resin 20 (see FIGS. 2(d) and 4(c)). More 
specifically, the lead forming portions 14 are bent while being 
crushed and thereby locally thinned and extended. 
[0046] 

An optical coup I ing device to be produced by using the frame 
10c has two lead forming portions 14 accommodated in secondary seal 
resin 21 (see FIGS. 2(e) and 4(d)), as wi 1 1 be descr ibed herei nafter. 
It is therefore necessary to execute lead forming after the primary 
seal ing in order to raise the primary seal resin 20. The lead forming 
forms a step substantially corresponding to the thickness of the 
bottom of the secondary seal resin 21. 

[0047] 

The lead forming step that bends the lead forming portions 14 
whi le crushing them will be described specif ica 1 1 y with reference to 
FIG. 6. Assume the step in which after the cutting of the inner tie 
bars 12c following the primary sealing, each primary seal resin 20 
and frames 11a and 11b are supported only by the deformable portions 
15. In this condition, an upper and a lower mold 22 sandwich each 
lead forming portion (inner lead) 14 so as to press it downward whi I e 
crushing it. 

[0048] 

Consequently, part of the lead forming portion 14 crushed and 
bent is extended to a thickness that is substantially three-fifths 
of the original thickness of the lead forming portion 14. The thin, 



extended part absorbs the distance over which the lead forming portion 
14 i s pu 1 1 ed dur i ng def ormat i on, thereby reduc i ng def ormat i on. Th i s 
successfully prevents lead forming from influencing the frame 10c. 
Exper iments showed that for a designed amount of deformation of about 
0. 223 mm, the actual amount of deformation was about 0.07 mm, i.e., 
about one-third of the designed amount. 
[0049] 

The deformation of each lead forming portion 14 pulls the 
second tie bar 12b inward (toward the primary seal resin 20) during 
the above lead forming. However, the deformable portion 15 deforms 
and surely, sufficiently absorbs the force, which pulls the tie bar 
1 2b, in comb i nat i on w i th the crush i ng and bend i ng operat i on (see F 1 6. 
4(c)). 

[0050] 

More specif ica I ly, the deformable portion 15 is configured to 
absorb stress acting on the tie bar 12b, which is crushed and bent, 
by deforming itself in the direction parallel to the frames 11a and 
11b. 

[0051] 

The tie bar 12b and frames 11a and 11b are therefore free from 
deformation described with reference to 3C and prevent the holes 16 
of the frames 11a and 11b from being displaced due to irregular 
deformation. 

[0052] 

After the lead forming described above, the light intercepting, 



secondary seal resin 21 seals the primary seal resin 20 in order to 
shield extraneous light (see FIGS. 2(e) and 4(d)). 
[0053] 

At the same time, the secondary seal resin 21 seals the 
deformab I e portions 15 (four in FIG. 4(d)) to thereby form reinforcing 
portions 23 for reinforcing the portions 15. The reinforcing 
portions 23 constitute dummy packages not containing any product. 

[0054] 

FIG. 6 is a plan view showing how the reinforcing portions 23 
are formed more spec i f i ca 1 1 y. As shown, each re i nf ore i ng port i on 23 
extends over the assoc i ated f i rst and second t i e bars 1 2a and 1 2b wh i I e 
sandwiching them from opposite sides. The reinforcing portion 23 
covers not only the deformab I e portion 15 connecting the frame 11a 
or 11b and second tie bar 12b, but also the portion of the first tie 
bar 12a connected to the frame 11a or 11b. 

[0055] 

Subsequently, deburring is executed with the double sealed 
product portions or package portion by using, e.g., a water jet. 
After deburring, the leads are plated, and then the lead forming 
portions 14 of the individual package are cut to a necessary length. 
Finally, as shown in FIG. 7C, the package is removed from the frame 
10c to thereby complete a photocoupler 25 for planar mounting. 

[0056] 

The leads 24 of the photocoupler 25 are positioned at the 
bottom of the package sealed by the secondary seal resin 21 or the 



extension thereof. 
[0057] 

During deburring, a downward force acts on the product 
portions sealed by the secondary seal resin 21. However, the 
deformable portions connected to the second tie bars 12b and frames 
11a and 11b are reinforced by the reinforcing portions 23 and 
therefore prevent the product portions from being deformed downward. 

[0058] 

FIG. 7 is an isometric view for describing the influence of 
deburring. As shown, when a downward pressure acts on the individual 
product portion sealed by the secondary seal resin 21, the product 
portion deforms downward together with the second tie bars 12b because 
it is supported by the frames 11a and 11b via the deformable portions 
15. 

[0059] 

More specif ica I ly, the product portions are connected to the 
frames 11a and 11b by the deformable portions 15 and therefore easi ly 
displaced. This is particularly true when the product portions are 
cleaned by a water jet before plating. 

[0060] 

However, the reinforcing portions 23 reinforcing the 
def ormab I e port i ons 1 5 prevent the port i ons 1 5 from deform i ng, i.e., 
prevent the product portions from deforming via the second tie bars 
12b that include the portions 15. 

[0061] 



FIG. 8 shows specific configurations of each deformable 
portion 15. In the i I lustrative embodiment, the deformable portion 
15 is implemented as a handing pin, as stated earlier. As shown in 
FIG. 8, the deformable portion 15 may be replaced with a deformable 
portion 15a larger in diameter at opposite end portions than at the 
intermediate portion or a deformable portion 15b bent in the form of 
narrow steps. Further, use may be made of a deformable portion 15c 
consisting of a plural ity of (e.g. two) pieces. The crux is that the 
deformable portion be easi ly deformable in the direction para I lei to 
the frames 11a and 11b, absorbing a force that pulls the second tie 
bars 12b inward toward the element loading portions. 

[0062] 

The frame 10c is made up of the depressed lead frame 10a and 
non-depressed lead frame 10b. 
[0063] 

FIG. 9 shows the structure of the frame 10c in which the lead 
frame 10a is depressed whi le the lead frame 10b is not depressed. As 
shown in FIG. 12A, one of the frames or lead forming portions 14 is 
depressed whi le the other is I eft f I at. By contrast, as shown i n F I G. 
12B, a conventional structure has both frames 1a and lb, which are 
respectively assigned to the I ight emission side and I ight receiving 
side, depressed by substantially the same amount (see (b)). 

[0064] 

Only one of the frames 10a and 10b is depressed deeply enough 
to allow the other frame to remain flat. The product portion is 



raised, or shifted, by an amount a in order to guarantee the thickness 
of the secondary seal resin. The amount of shift a is smal ler than 
the amount of shift b required of the conventional product portion 
shown in FIG. 12B. This not only reduces the deformation of the 
frames 10c ascribable to lead forming, but also promotes easy 
processing of the frame 10c. 
[0065] 

FIG. 13 is a section showing the structure of the present 
invention in which one side of the frame is depressed. As shown, in 
the photocoup I er hav i ng the structure descr i bed above, on I y the I i ght 
emitting element generate heat during operation. It is therefore 
important to release the heat for enhancing the reliability of the 
semiconductor device. General ly, most of the heat generated by the 
light emitting element is propagated through the lead frame (13b), 
as indicated by hatching in FIG. 13. Therefore, if the distance 
between the light emitting element and the mounting surface c of a 
circuit board is reduced, then the heat can be efficiently released 
to the circuit board. 

[0066] 

More specif ica I ly, in the photocoup ler 25 of the i I lustrative 
embodiment (see FIG. 4F(e)), the leads or lead forming portions 14 
are accommodated in the secondary seal resin 21 whi le the terminals 
are exposed at the bottom of the sea I res i n 21 . I n th i s conf i gurat i on, 
a distance d between the light emitting element and the mounting 
surface c (heat path thereinafter) is shorter than the conventional 



distance. Further, the heat path of the photocoupler 25 is shorter 
than the heat path of another conventional configuration (see FIG. 
13). 

[0067] 

The illustrative embodiment therefore reduces thermal 
res i stance, i.e., the temperature e I evat i on of a ch i p i tse If r e I at i ve 
to power consumpt i on and thereby enhances the re I i ab i I i ty of a product, 
compared to the conventional configuration. 

[0068] 

As stated above, the lead frame of the i I lustrative embodiment 
includes the plastically deformable portions 15. A photocoupler 
using such a lead frame is produced by a procedure including a lead 
forming step or crushing and bending step and a step of forming the 
reinforcing portions 23 around the deformable portions 15. 

[0069] 

More specifically, in the inner lead forming step following 
the primary sealing step, portions formed of an easy-to-deform 
material and provided with an easy-to-deform configuration are formed 
between the lead frame and the product portions beforehand, so that 
the positional relation between the former and the latter does not 
vary. The above portions deform to prevent deformation from being 
transferred to the frame. 

[0070] 

Further, the reinforcing portions 23 protect the product 
portions from deformation in subsequent stages (particularly the 



deburring stage) ascribable to the deformable portions 15 that would 
otherwise reduce the strength of the product portions. 
[0071] 

This successful ly reduces a mounting area to be a I located to, 
e.g., a double sealed photocoupler. In addition, deformation 
ascribable to lead forming is not transferred to the lead frame, so 
that the positioning holes 16 and product portions are maintained in 
the preselected positional relation. 

[0072] 

The reduction of deformation from about 0.223 to about 0.07 
mm, i.e., by about one-th i rd is part i cu I ar I y s i gn i f i cant. 
Considering the state-of-the-art lead frame as thin as about 0. 2 mm, 
a displacement of about 0. 2 mm would result in the loss of the 
secondary seal resin for intercepting light. 

[0073] 

Moreover, the deformable portions 15 compensate for some bend 
of the portions where the product forming portions and lead frame join 
each other. In addition, the lead frame is scarcely pulled during 
lead forming because only one of the element loading portions is bent 
upward above the associated leads. This is also successful to 
maintain the preselected positional relation between the product 
forming portions and the lead frame; otherwise the holes 16 would be 
displaced and make the following steps impracticable. 

[0074] 

In the illustrative embodiment, the frame 10c has the lead 



frames 10a and 10b combined together with the former overlying the 
latter. Alternatively, the lead frames 10a and 10b may be shifted 
in the horizontal direction and constructed integrally with each 
other with the frames 11a and 11b thereof not overlapping each other. 
[0075] 

FIG. 11 shows a specific W type photocoupler to which the 
present invention is similarly applicable. As shown, the W type 
photocoupler, labeled 26, includes liquid seal resin 27 in place of 
the primary molding in order to form an optical path. 

[0076] 

[Effects of the Invention] 

In summary, in accordance with the present invention, a lead 
frame includes a plural ity of tie bars including tie bars each having 
deformable portions that protect outside frames from deformation. 
The outside frames are formed with positioning holes. Element 
loading portions to be loaded with semiconductor elements are 
connected to the outside frames by such tie bars. The lead frame is 
therefore free from deformation during lead forming whi le promoting 
the miniaturization of the semiconductor devices. 

[0077] 

Further, a semiconductor device can be produced by using a 
method of producing the semiconductor device using the lead frame of 
the present invention. 

[0078] 

[Brief Description of the Drawings] 



[FIG. 1] 

i s an i sometr i c v i ew show i ng a I ead frame embody i ng the present 
invention. 

[FIG. 2] 

is a section demonstrating a procedure for producing a 
semiconductor device by using the lead frame of the illustrative 
embodiment. 

[FIG. 3] 

i s an i sometr i c v i ew demonstrat i ng the procedure for produc i ng 
a semiconductor device by using the lead frame of the illustrative 
embodiment (part 1). 

[FIG. 4] 

i s an i sometr i c v i ew demonstrat i ng the procedure for produc i ng 
a semiconductor device by using the lead frame of the illustrative 
embodiment (part 2). 

[FIG. 5] 

is a section for describing lead forming unique to the 
illustrative embodiment. 
[FIG. 6] 

is a plan view showing reinforcing portions also unique to the 
i I lustrative embodiment. 
[FIG. 7] 

is an isometric view for describing the influence of 
deburr ing. 

[FIG. 8] 



is a view showing another specific configurations of a 
deformable portion included in the illustrative embodiment. 
[FIG. 9] 

is a section for describing a configuration unique to the 
illustrative embodiment in which only one of two lead frames is 
depressed (part 1). 

[FIG. 10] 

is a section for describing a configuration unique to the 
illustrative embodiment in which only one of two lead frames is 
depressed (part 2). 

[FIG. 11] 

i s a sect i on show i ng a W type photocoup I er to wh i ch the present 
invention is similarly applicable. 
[FIG. 12] 

is a section demonstrating a conventional procedure for 
producing a double sealed photocoup I er. 
[FIG. 13] 

is a section showing the conf iguration of another conventional 
photocoup I er. 

[FIG. 14] 

is an isometric view for describing lead forming included in 
the conventional procedure for producing a photocoup I er. 
[List of Reference Numerals] 
10a, 10b lead frame 
10c frame 



11a, lib outside frame 

12a first tie bar 

12b second tie bar 

12c inner time bar 

13a, 13b element mounting portion 

14 lead forming portion 

15 deformable portion 

16 hole 

17 I i ght-sens i t i ve el ement 

18 I ight emitting element 

20 primary seal resin 

21 secondary seal resin 

22 mold 

23 resin reinforcing portion 

24 lead 

25, 26 photocoupler 



[Document Name] ABSTRACT OF THE DISCLOSURE 
[Abstract] 

[Problem] To provide a lead frame free from deformation during lead 
forming whi le reducing the size of a semiconductor device to be loaded 
thereon, a semiconductor device produced by using the lead frame, and 
a method of producing the semiconductor device. 
[Solving Means] 

In a lead frame in which a device mounting portion 13 to be 
loaded with a semiconductor device is connected to outside frames 11 
formed with positioning holes 16 by tie bars 12, the tie bars 12 each 
include a deformable portion that protect the outside frames 11 from 
deformation. 



